Abstract
Introduction
We have developed a theory for calculating the quantum corrections to the low density equilibrium properties of polar hard D-sphere fluid mixtures with D=2 and 3 in the semiclassical limit. Equilibrium behaviour of pure polar hard sphere fluid (D=3) and their mixtures is of great importance. A considerable progress has been made for classical fluid and fluid mixtures of hard sphere molecules with additional electrostatics. Gokhul & Sinha (1997) have calculated the virial equation of state for classical polar hard D-sphere fluid mixtures with D=2 and 3. Rai et al. (1990) have calculated the first quantum corrections to the thermodynamics of polar hard sphere fluids and fluid mixtures. Moreover, we have also developed the theory for estimating the quantum corrections to the density independent pair distribution function (PDF) and second virial coefficient of the polar D-sphere fluid mixtures. 
Potential model
where µ a is the dipole moment of a molecule of species a and δ D (1, 2) is the angle-dependent part of interaction. For two-dimensional system (D=2) δ D (1, 2) is given by δ D (1, 2) = Cos(θ a + θ b -θ ab ) (4) Where θ a , θ b and θ ab are the angles that determine the orientation of molecules with respect to the line joining the centres of molecules. On other hand, δ D (1, 2) for a three-dimensional system (D=3) is given by (Hirsch felder et al, 1954) δ D (1, 2) = 2Cosθ a Cosθ b -Sinθ a Sinθ b Cosφ ab (5) Here θ a , θ b and φ ab = φ a -φ b determine the orientation of the molecules with respect to the line joining the centres of molecules. In Eq. (2) σ ab is the diameter between the hard D-spheres of species a and b. For unlike interactions, σ ab is given by σ ab = (σ 11 + σ 22 ) / 2 Density independent pair distribution functions for D-dimensional molecular fluid mixture In analogy to that of pure fluid, it is shown that the path distribution function n ab 2 (x 1 , x 2 ), giving the probability of finding a molecules of species a at x 1 = r 1 ω 1 another molecule of species b at x 2 = r 2 ω 2 , can be expanded in power of density
Where ab w 2 (x 1 , x 2 ) is the two particle Slater sum. In the low density limit, the pair distribution function (PDF) defined as g ab (x 1 , x 2 ) = ab n 2 (x 1 , x 2 ) / ρ a ρ b is equal to the Slater sum w ab 2 (x 1 , x 2 ). Thus the density independent PDF for D-dimensional system is defined as
Where,
thermodynamics of polar hard sphere fluids and fluid mixtures. Moreover, we have also developed the theory for estimating the quantum corrections to the density independent pair distribution function (PDF) and second virial coefficient of the polar D-sphere fluid mixtures.
We have considered a D-dimensional fluid mixture of hard D-sphere with embedded central point dipoles. In this case the pair potential is given by u ab (rω 1 ω 2 ) = u (r) + u (rω 1 ω 2 )
Where u is the hard sphere (or hard disc) potential , x 2 ) . Thus the density independent PDF for D-dimensional system is defined as
and Ψ x (x 1 , x 2 ) is a set of orthogonal two particle wave functions. Using the centre of mass and relative coordinate R and r = (r 1 -r 2 ), we can write eq. (7) as , where m a and l a are, respectively, the mass and moment of inertia of a molecule of species a. In eq. (9), β = (KT) -1 (T being the absolute temperature and K be the Boltzmann factor). In the classical limit, eq. (9) reduces to classical PDF c ab
In the semiclassical limit, for hard-core plus attractive tail potential, eq. (9) can be solved to give (Singh et al., 1991) 
where, ( is given by (Singh et al., 1991) 
Where, (Mishra & Sinha, 1985) For the dipole-dipole potential model given by eq. (3), the quantum correction terms are given by
.... ) ( (Mishra & Sinha, 1985) For the dipole-dipole potential model given by eq. (3), the quantum correction terms are given by ( 
We calculate these coefficients using Pade' approximant constructed with last two terms in each series. We consider a binary mixture of hard D-sphere (Species 1) and dipolar hard D-sphere (species 2) having the same diameters i.e. σ 11 = σ 22 = σ . Further we assumed that molecules of species 1 and 2 interact via hard D-sphere potential. In this case the hard D-sphere is taken as the reference system. Then eq. (36) reduces to 
Conclusion
From explicit expressions for the density independent PDF g ab (rω 1 ω 2 ) and second virial coefficient for the dipolar hard D-sphere fluid mixture, we find that the quantum effects increase with increase of 2 * µ as well as x 2 .
